Purpose: We hypothesized that the third dynamic phase (3) of the cardiovascular response to apnoea requires attainment of the physiological breaking point, so that the duration of the second steady phase (2) of the classical cardiovascular response to apnoea, though appearing in both air and oxygen, is longer in oxygen. Methods: Nineteen divers performed maximal apnoeas in air and oxygen. We measured beat-by-beat arterial pressure, heart rate (f H ), stroke volume (SV), cardiac output (Q ). Results: The f H , SV andQ changes during apnoea followed the same patterns in oxygen as in air. Duration of steady 2 was 105 ± 37 and 185 ± 36 s, in air and oxygen (p < 0.05), respectively. At end of apnoea, arterial oxygen saturation was 1.00 ± 0.00 in oxygen and 0.75 ± 0.10 in air.
Introduction
In recent years, changes in blood pressure, heart rate (f H ), stroke volume (SV), cardiac output (Q ) and total peripheral resistance (TPR) in response to apnoea (cardiovascular response to apnoea) were determined beat-by-beat on elite divers during apnoeas prolonged to the volitional breaking point (Costalat et al., 2013; Lemaître et al., 2008; Perini et al., 2008 Perini et al., , 2010 Sivieri et al., 2015) . These studies described the cardiovascular response to apnoea as consisting of three distinct phases: (i) a short dynamic phase (1), that lasts less than 30 s, characterised by rapid changes in blood Abbreviation: DBP, diastolic blood pressure; fH, heart rate; FIO2, inspired oxygen fraction; MBP, mean blood pressure;Q , cardiac output; SaO2, arterial oxygen saturation; SBP, systolic blood pressure; SV, stroke volume; TPR, total peripheral resistance;V O2, oxygen uptake; 1, first, dynamic phase of the cardiovascular response to apnoea; 2, second, steady-state phase of the cardiovascular response to apnoea; 3, third, dynamic phase of the cardiovascular response to apnoea.pressure and f H ; (ii) a steady state phase (2), of about 2 min, in which the values attained by each variable at the end of 1 are maintained invariant; and (iii) a further subsequent dynamic phase (3), lasting about 1.5 min, characterised by a continuous decrease in f H and increase in blood pressure, until the volitional breaking point was reached. According to Perini et al. (2008 Perini et al. ( , 2010 , the end of 2 might occur at the attainment of the physiological breaking point of apnoea (Hong et al., 1971) , which is characterised by a specific alveolar PO 2 and PCO 2 composition possibly capable of inducing the first diaphragmatic contraction (Agostoni, 1963; Cross et al., 2013; Lin et al., 1974; Whitelaw et al., 1981) : the higher is the alveolar PO 2 , the higher must be the concomitant PCO 2 eliciting diaphragmatic contractions, and vice versa. Ceteris paribus, the time necessary to reach that alveolar gas composition is directly proportional to the body oxygen stores at the beginning of the apnoea and inversely proportional to the body metabolic rate during apnoea. In fact, a beat-by-beat analysis of the cardiovascular responses to apnoeas carried out during light exercise demonstrated not only a reduction, but even a disappearance of 2, with remarkable shortening of 3 (Sivieri et al., 2015) .
On the opposite side, an increase in oxygen stores would postpone the attainment of the condition determining the onset of 3. The largest increase in oxygen stores before breath-holding is attained by having subjects breathe pure oxygen (inspired oxygen fraction, FIO 2 , of 1) before the performance of maximal breathholds. The investigations of breath-holding in hyperoxia are scanty and rarely using pure oxygen (Bjurström and Schoene, 1987; Breskovic et al., 2012; Klocke and Rahn, 1959; Lin, 1987; Otis et al., 1948) . None of them studied the cardiovascular responses to apnoea on a beat-by-beat basis.
The general hypothesis of this study is that the onset of 3 is related to the onset of diaphragmatic contractions, requiring the attainment of a specific alveolar gas composition and representing the so-called physiological breaking point of apnoea, as proposed by Perini et al. (2008 Perini et al. ( , 2010 . In the context of this hypothesis, we postulated that the three phases of the cardiovascular response to apnoea would be present both at FIO 2 = 1 and at FIO 2 = 0.21, but the duration of 2 and 3 would be longer in the former than in the latter condition. To this aim, we investigated the effects of breathing pure oxygen before the performance of maximal breath-holds on the cardiovascular response to apnoea.
Methods

Subjects
19 competitive divers (16 males and 3 females) volunteered for this study. Their age was 41.3 ± 9.9 years, and they were 71.5 ± 10.1 kg heavy and 175.1 ± 8.7 cm tall. All divers were nonsmokers. None had previous history of cardiovascular, pulmonary or neurological diseases, or was taking medications at the time of the study. All gave their informed consent after having received a detailed description of the methods and experimental procedures of the study. The study conformed to the Declaration of Helsinki and was approved by the local ethical committee.
Experimental procedure
All tests were carried out in a room at 22-23 • C. Upon arrival in the laboratory, the subject performed 30 min of breath-hold training. Then, after instrumentation, he took the supine posture. After 5 min had been allowed to achieve steady state conditions, 10 min of measurements were obtained with the subject at rest and spontaneously breathing (quiet rest). Then, the subject was asked to perform two successive maximal apnoeas, separated by a recovery interval of 2 min (Perini et al., 2008) . Maximal apnoeas are defined as apnoeas prolonged to volitional exhaustion.
Subjects undertook their pre-dive breathing routine before breath-holding, generally consisting of two-to-three deep respiratory acts. This procedure was ended by a deep inspiration, so that all apnoeas were initiated with a lung volume close to the subject's total lung capacity. As a consequence, the first breathing movement at the end of apnoeas was an expiration, which the subjects were asked to perform as deep as possible.
Two minutes of recovery were allowed after the second apnoea. Then, the system for oxygen administration was connected to the inspiratory side. Oxygen was administered from high-pressure, high-precision cylinders, via a Douglas bag that was used as pressure buffer. Ten minutes were allowed for alveolar gas equilibration, then, after 1 min of quiet breathing for control measurement, a maximal apnoea was performed. This apnoea was carried out with the same procedure as in air. After the end of the apnoea in oxygen, the subject kept breathing pure oxygen for 2 min during recovery. In air, the longest apnoea was retained for further analysis.
Methods
Arterial blood pressure profiles (PortaPres, TNO-TPD, Amsterdam, The Netherlands) were continuously recorded throughout the experiments. Arterial blood O 2 saturation (SaO 2 ) was also continuously monitored by infrared spectroscopy (BioPac System Inc., Goleta, CA, USA) at an earlobe. The signals were sampled at 100 Hz by using a 16-bit A/D converter (MP100 VS, BioPac System Inc., Goleta, CA, USA) and stored on a personal computer for subsequent analysis. Oxygen uptake (V O 2 ) was monitored during air breathing by means of a metabolic cart (Quark b 2 , Cosmed, Italy).
Data treatment
Arterial pressure profiles and respiratory traces were analysed off line. We computed beat-to-beat values of f H , systolic blood pressure (SBP), diastolic and mean blood pressures (DBP and MBP, respectively). The duration of each apnoea for each subject was calculated as the time over which the flowmeter of the metabolic cart recorded no respiratory air flows.
Beat-by-beat SV was determined by analysing the pulse pressure profiles by means of the Modelflow model implemented in the Beatscope TM software (TNO-TPD, The Netherlands).Q was subsequently calculated by multiplying each SV value times the corresponding f H value. The ratio between MBP andQ provided an estimate of total peripheral resistance (TPR). Steady stateQ was calculated at rest as the mean of the breath-by-breath values over 1 min of regular breathing.
The beat-by-beat data were analysed off-line to identify the three phases of apnoeas. An automated procedure implemented under Matlab (version 7.6.0.324, MathWorks, Natick, MA, USA) was used to this aim (Sivieri et al., 2015) . The procedure was based on linear regression analysis, allowing detection of changes in slope between successive phases. Linear regression was also used (i) to analyse the rate of changes of SBP and f H during 3, (ii) to calculate dynamic baroreflex sensitivity in 1 (Adami et al., 2013; Sivieri et al., 2015) , and (iii) to verify steady state of investigated variables in 2 (slope of regression equation significantly equal to zero).
Statistical analysis
Data are presented as mean and standard deviation (SD). Oneway ANOVA for repeated measures was used to evaluate the effect of time of apnoea on various variables, in each of the two experimental conditions. Tukey test was used as post-hoc test to isolate the differences when necessary. A two-tail t-test for paired observations was used to compare the duration of breath-holding and the values attained by the investigated cardiovascular variables between the two investigated conditions. Differences were considered significant when p < 0.05. Parameters of linear regression equations were calculated by the least-square method. The Stata 10.0 statistical software (StataCorp, College Station, TX, USA) was used.
Results
Apnoeas in air
In quiet rest in air,Q was 358 ± 35 ml min −1 . Mean duration of maximal apnoeas in air was 233 ± 43 s. An example of f H , SBP and DBP recordings obtained on one subject during maximal resting apnoea is shown in Fig. 1 (panel a). All subjects followed similar patterns. Values of all variables obtained in air during quiet rest are reported in Table 1 . During the hyperventilation that preceded breath-holding, f H grew to attain 87 ± 17 b min −1 at the beginning of apnoea (NS with respect to control). The corresponding SBP was 
Table 1
Cardiovascular variables at quiet rest before apnoeas in air and in oxygen (mean ± SD). Statistical differences weren't found between air and oxygen.
Air 134 ± 14 71 ± 11 92 ± 12 77 ± 13 93 ± 19 7.1 ± 1.6 13.9 ± 5.1 Oxygen 128 ± 17 72 ± 10 91 ± 12 77 ± 9 87 ± 19 6.5 ± 1.5 14.8 ± 4.5 139 ± 15 mm Hg, and the corresponding DBP was 73 ± 14 mm Hg (NS with respect to control). SaO 2 was 1.00 ± 0.00. The evolution of all variables during maximal breath-holds in air is reported in Figs. 2 (panel a) and 3, and Table 2 . 1 lasted 21 ± 5 s. During 1, SBP and DBP fell remarkably. SBP attained a minimum of 96 ± 14 mmHg (p < 0.05 with respect to both quiet rest and beginning of apnoea). The minimum of DBP during 1 was 59 ± 9 mmHg (p < 0.05 with respect to beginning of apnoea). These minima were attained after 6.2 ± 2.3 s. In correspondence with the minimum of SBP and DBP, f H was 93 ± 14 b min −1 . The corresponding SV was 54 ± 21 ml, so thatQ at the nadir of SBP resulted equal to 5.0 ± 2.0 l min −1 . TPR was 16.0 ± 6.6 mm Hg min l −1 . All these values except TPR were significantly different from the corresponding values observed both during quiet rest and at the beginning of apnoea Fig. 3 .
An example of an individual relationship between f H and MBP during the initial phase of apnoea, before the attainment of the minimum of SBP and DBP, is shown in Fig. 4 (panel a) . The figure includes a series of consecutive beats in which MBP decreased, and f H increased with respect to the immediately preceding beat. Application of linear regression analysis provided a mean slope of −0.48 ± 0.26. These values, which are reported in Table 3 , were taken as indicative of the spontaneous baroreflex sensitivity during apnoea 1.
After attainment of the minimum of SBP and DBP, the values of the cardiovascular variables underwent partial recovery, to attain a steady state level (2) that lasted 105 ± 37 s. The re-establishment of SBP and DBP was accompanied by a drop of f H . The mean slopes of the individual relationships between f H and MBP during the recovery part of 1 are also reported in Table 3 ; these slopes are higher than the slopes of the f H -MAP relationship before attainment the minimum of SBP (p < 0.05). As long as f H decreased, SV increased. These patterns were compensatory, so that during 2, the steadyQ was not different from that found at the minimum of SBP in 1. As a consequence, 2 was characterised by higher TPR values (p < 0.05) than before apnoea or in 1. f H , SV, andQ were lower than in quiet rest. Fig. 2 . Evolution of systolic blood pressure (black histograms) and diastolic blood pressure (white histograms) during apnoea in air (a) and apnoea in oxygen (b). *p < 0.05 respect to rest; #p < 0.05 respect to start apnoea; § p < 0.05 respect to minimum 1; $ p < 0.05 respect to 2. Fig. 3 . Evolution of heart rate during apnoea in air and apnoea in oxygen. *p < 0.05 respect to rest; #p < 0.05 respect to start apnoea; § p < 0.05 respect to minimum 1; $ p < 0.05 respect to 2. Statistical differences were not found between air and oxygen.
2 was followed by a new unsteady phase (3), lasted 107 ± 31 s, wherein f H decreased steadily and continuously, whereas SBP and DBP increased. At the end of apnoea, f H was significantly lower than in all previous conditions. The reverse was the case for SBP and DBP. The SV increase compensated for the fall of f H , so thatQ did not vary during 3. As a consequence, TPR continuously increased.
SaO 2 started to decrease in 2. At the end of 2, it reached a value of 0.94 ± 0.05. SaO 2 kept decreasing during the entire 3, to attain a minimum of 0.75 ± 0.10 at 6.2 ± 2.5 s after the end of apnoea.
Apnoeas in oxygen
Mean duration of maximal apnoea in oxygen was 518 ± 157 s. These values were significantly higher than the corresponding values in air. An example of f H and SBP recordings obtained on one subject during maximal resting apnoea in oxygen is shown in Fig. 1 
Table 2
Evolution of stroke volume (SV), cardiac output (Q ) and total peripheral resistance (TPR) during apnoeas in air and oxygen (mean ± SD). Statistical differences were not found between air and oxygen. (panel b). The patterns were the same as in air, except for the duration of 2 and of 3. Again, all subjects followed similar patterns. Control values of all variables before apnoeas in oxygen are reported in Table 1 . Just before the beginning of breath-holding, f H was 86 ± 15 b min −1 (NS with respect to control). The corresponding SBP was 132 ± 17 mmHg, and the corresponding DBP was 76 ± 10 mm Hg (NS with respect to control and with respect to the corresponding values in air). SaO 2 was equal to 1.00 ± 0.00. The evolution of all variables during maximal breath-holds at rest is reported in Figs. 2 (panel b) and 3, and Table 2 . 1 lasted 25 ± 9 s (NS with respect to air). As in air, during 1, SBP and DBP fell remarkably. The minimum of SBP in 1 was 91 ± 20 mmHg (p < 0.05 with respect to both quiet rest and beginning of apnoea). The minimum of DBP during 1 was 59 ± 9 mmHg (p < 0.05 with respect to beginning of apnoea). These minimum values were attained after 5.8 ± 1.4 s. In correspondence with the minimum of SBP and DBP, f H was 90 ± 16 min −1 . The corresponding SV was 51 ± 34 ml, so thatQ at the minimum of SBP and DBP was 4.3 ± 2.4 l min −1 . The corresponding TPR was 21.3 ± 12.7 mm Hg min l −1 . All these values except TPR were significantly different from the corresponding values observed during quiet rest and at the beginning of apnoea.
However, none of these values differed from those observed in air at the minimum of SBP in 1.
An example of an individual relationship between f H and MBP during the initial phase of apnoea, before the attainment of the minimum of SBP, is shown in Fig. 4 (panel b) . The figure includes a series of consecutive beats in which MBP decreased and f H increased with respect to the immediately preceding beat. Application of linear regression analysis provided a mean slope of −0.57 ± 0.24. These values, which are reported in Table 3 , were taken as indicative of the spontaneous baroreflex sensitivity during apnoea 1.
After attainment of the minimum of SBP and DBP, the values of the cardiovascular variables underwent partial recovery, to attain a steady state level (2) also in oxygen apnoeas. 2 was lasted 185 ± 36 s, being longer than the 2 time in air (p < 0.05). The patterns followed by SBP, f H , SV andQ during the recovery phase of 1 were the same in oxygen as in air. The mean slopes of the individual relationships between f H and MBP during the recovery part of 1 are also reported in Table 3 . During 2, the steadyQ did not differ from that found at the minimum of SBP in 1. TPR was higher than before apnoea or in 1. In 2, f H , SV andQ were lower than in quiet rest.
Table 3
Relationship between heart rate and mean blood pressure during the first phase, before and after the attainment of the minimum of systolic blood pressure (minSBP) 3 lasted 307 ± 143 s, being significantly longer than in air (p < 0.05). During 3, as in air, f H decreased steadily and continuously, whereas SBP and DBP increased. At the end of apnoea f H was significantly lower than in all previous conditions. The reverse was the case for SBP and DBP. The SV increase compensated for the fall of f H , so thatQ did not vary during 3, so that TPR continuously increased. None of these values were different in oxygen with respect to air. Also in 3, SaO 2 did not vary, so that at the end of apnoeas in oxygen it was always equal to 1.00 ± 0.00.
Discussion
In a previous study, we increased the metabolic rate of the subjects in order to reduce the duration of 2 and anticipate the onset of 3. In that study, we used exercise as a stimulus and we found not only reduction, but even disappearance of 2 (Sivieri et al., 2015) , suggesting the possibility that exercise apnoeas be characterised by different dynamic cardiovascular responses from those of resting apnoeas. In the present study, we conversely analysed the other corollary of our hypothesis, namely the direct effects of increased pulmonary oxygen stores on the duration of 2, by comparing resting apnoeas in air and in oxygen. We found that the patterns followed during oxygen apnoeas were the same in the two investigated conditions: the three phases of the cardiovascular response to apnoeas at rest were identified in all cases, and overall the values attained by the cardiovascular variables in each phase did not differ between elevated (pure oxygen breathing before apnoea) and normal (room air breathing before apnoea) lung oxygen stores, except for the duration of 2 and 3, which was higher in oxygen than in air. These results are in full agreement with the tested hypothesis on the onset of 3, corresponding well to what one would have expected if the hypothesis was correct.
The characteristics of 1
The cardiovascular responses during 1 were the same in oxygen as in air, as was 1 duration. This finding goes in parallel with the previous finding that 1 follows the same patterns at rest as at exercise (Sivieri et al., 2015) , further reinforcing the concept that 1 reflects the same physiological phenomena, whether at rest or at exercise, whether in oxygen or in air. These phenomena are independent of the ongoing metabolic rate and of the amount of oxygen stores.
At the beginning of apnoea, the immediate response consisted of a rapid fall of SBP and DBP, as previously observed at rest (Andersson and Schagatay, 1998; Palada et al., 2007; Perini et al., 2008) and at exercise (Sivieri et al., 2015) . This fall was associated with a reduction of SV, supporting the notion that the fall of SBP may be due to an acute reduction of venous return related to the act of holding the breath at elevated lung volumes (Andersson and Schagatay, 1998) . If this is so, then the simultaneous increase in f H tries to correct hypotension and compensate for the fall of SV, yet without success, as demonstrated by the reduction ofQ at the minimum of SBP. The ensuing peripheral vasoconstriction, demonstrated by the progressive increase in TPR after attainment of the minimum of SBP, determined a recovery of the SBP values and an increase in SV, which however did not lead to an increase inQ for the simultaneous recovery of the f H values. According to Sivieri et al. (2015) , a general stimulation of the sympathetic branch of the autonomic nervous system occurs as soon as the minimum of SBP has been reached, whence the subsequent increase in SBP, DBP, TPR and SV.
The increase in f H that accompanies the blood pressure fall in the initial part of 1 (before the attainment of the minimum of SBP and DBP) may be seen as a baroreflex attempt at controlling blood pressure. Table 3 reports the slopes of individual f H versus MBP relationships, calculated over consecutive heart beats in the early phase of 1. These slopes may be taken as representing the dynamic spontaneous (close-loop) baroreflex sensitivity (Adami et al., 2013) , in analogy to the baroreflex sensitivity obtained with the sequence method (Iellamo et al., 1997) . The values of dynamic baroreflex sensitivity obtained during the early part of 1 were equal to those obtained during exercise apnoeas (Sivieri et al., 2015) and corresponded well to those of other studies in steady-state conditions (Akimoto et al., 2011; Fisher et al., 2009 Fisher et al., , 2010 Gallagher et al., 2006) or in dynamic conditions (Adami et al., 2013) .
In contrast, if we look at the f H versus MBP relationships in the later phase of 1, after the minimum of SBP, we found higher slopes, with a wider slope range, than in the earlier phase of 1. After the minimum of SBP and DBP, as pointed out here above, sympathetic activation might occur. If this is so, then the f H versus MBP relationships in the later phase of 1 would have a different origin than in the earlier phase. Our speculation is that the resetting of the baroreflex operating point possibly associated with sympathetic activation may affect the slope of the f H versus MBP relationships in this later phase.
The effects of oxygen breathing on the cardiovascular responses to apnoea in 2 and 3
The equilibrium attained at the end of 1 was maintained for the entire 2. No differences between oxygen and air apnoeas were observed for any of the investigated variables. In 3, the negative relation between f H and blood pressure appeared also in oxygen, similarly to what was observed in air. The oscillations of f H and SBP in 3 were similar in oxygen as in air. Perini et al. (2008) suggested that these oscillations may be indicative of baroreflex activity. Also f H ,Q and TPR were similar in oxygen as in air. The only difference was the longer duration of 2 and 3 in oxygen than in air.
The prolongation of 2 is coherent with the tested hypothesis that the end of 2 and the subsequent onset of 3 are due to the onset of diaphragmatic contractions. These should start after the attainment of the alveolar gas composition representative of the physiological breaking point of apnoea (Lin et al., 1974) , which is dictated by the synergic action of PO 2 and PCO 2 on the respiratory centres: the higher is the alveolar PO 2 , the higher must be the concomitant PCO 2 eliciting diaphragmatic contractions, whence the longer 2 duration of oxygen apnoeas. This being the case, the reverse should occur in hypoxia, with shorter 2 duration the lower is alveolar PO 2 : unfortunately hypoxia could not be investigated in the present experiments, and this may be seen as a study limitation.
The 2 duration during oxygen apnoeas in this study was some 30% higher than during apnoeas in air, although the amount of lung oxygen stores was some five times larger in the former than in the latter case. This suggests that there is no relation of direct proportionality between 2 duration and volume of lung oxygen stores, even at constant metabolic rate. During oxygen apnoeas, SaO 2 remained equal to 1.00 ± 0.00 during the entire duration of the tests, indicating that the decrease in oxygen stores with time was not such as to induce hypoxaemia in arterial blood. If indeed chemoreflexes participate in the f H reduction and SBP increase in 3, as previously suggested (Foster and Sheel, 2005; Perini et al., 2008 Perini et al., , 2010 , a central role must be played by the progressive increase in CO 2 stores. The sensitivity of the ventilatory response to CO 2 is much higher than that of the ventilatory responses to hypoxia (Nielsen and Smith, 1952) . This suggests that relatively modest increases in PCO 2 might be sufficient to elicit diaphragmatic contractions. An investigation of alveolar gas composition at the end of 2 would be of great interest in order to elucidate this aspect. As in previous studies (Perini et al., 2008; Sivieri et al., 2015) , the f H decrease in 3 was accompanied by a simultaneous compensatory increase in SV, so thatQ remained unchanged throughout 3. In fact, bradycardia increases the time of left ventricular filling, with subsequent distension of the ventricular wall.
Moreover, if indeed diaphragmatic contractions characterise 3, we may speculate that central venous pressure becomes cyclically negative, with consequent oscillations in venous return. If this is so, the Frank-Starling mechanism might represent a possible explanation of the SV increase in 3. On the other side, the lack of changes inQ suggests that the heart is not the cause of the further increase in SBP and MBP. We postulate that this increase may be due by an enhancement of peripheral vasoconstriction (Crisafulli et al., 2008) , in agreement with the observation of a further TPR increase in 3.
Methodological considerations
The fact that the conditions were not applied in random order can also be seen as a limitation of this study. In fact, we deem that randomisation is not a strict need in the present case, if we consider that we were dealing with top-level breath-hold divers, who train daily, perform several apnoeas per day, and therefore, are not subject to habituation phenomena when they hold their breath. Since randomisation is important when confounding factors intervene, it was deemed more important to have all the subjects going through the same procedure rather than having them randomised.
Concerning SV determination, the Modelflow method is affected by an error in the computation of SV, and thus, inQ and TPR. This error, which is a consequence of recording peripheral pressure profiles and of applying to them physical constants which were determined in the aorta, was found to be systematic (Azabji . As a consequence, while the method is fully reliable in determining relative changes, it may not provide sufficiently accurate absolute SV values. Tam et al. (2004) proposed a correction procedure against a steady state method, which however, could not be applied in these experiments. This is acknowledged as a limitation of the present study and implies that the SV andQ values reported in this study are to be taken with caution. Nevertheless, the error being systematic, the patterns followed by SV anḋ Q during apnoea are unaffected by it. And thus, this limitation does not undermine the general meaning and value of the conclusions arrived at in this study. It is also noteworthy that the correction factor is independent of exercise intensity and thus of the ongoing blood flow and TPR. As a consequence, the method can conveniently be used for the analysis of dynamic states (Lador et al., 2006) .
The performance of a few deep inspiratory acts before the beginning of apnoea, and the fact that apnoeas were started at a lung volume close to the total lung capacity, increased the amount of oxygen in the lungs at the beginning of apnoeas. In air, this was not only an effect of volume, but also an effect of alveolar oxygen partial pressure. In oxygen, only the former contributed to the increase in lung oxygen stores. Moreover, in both conditions, hyperventilation reduced the alveolar CO 2 . This contributed to postpone the attainment of the apnoea breaking point (Lin et al., 1974) .
Conclusions
In conclusion, the tested hypothesis was supported by the present results. Indeed, during oxygen apnoeas, we found longer duration of 2 and 3 than in air, as postulated, with similar patterns for investigated variables in both conditions. The absence of any hypoxaemia during oxygen apnoeas suggests that, if indeed chemoreflexes participate in determining 3, the progressive increase in CO 2 stores might play a central role in eliciting their activation.
